but upon addition of inducer, a high affinity uptake system is also induced. From detailed kinetic studies with uranyl ions, it was shown that the two systems are different as for D-galactose in Saccharomyces cerevisiae (21) .
An isolation of a glucose-binding protein apparently involved in transport has been accomplished in bakers' yeast (7) . This purified glucose-binding protein contains a considerable amount of phospholipids. Recently, two glucosebinding proteins (GI and G2) and one mannosebinding prQtein (M) were isolated and purified from plasmalemma of Schizosaccharomyces pombe (2) . The purified proteins contained no lipid but an appreciable amount of carbohydrate. To confirm the presence of a distinct inducible GlcNAc transport system in yeasts, isolation of GlcNAc-binding protein was attempted. This paper deals with the characterization of GlcNAc-binding protein from induced cells of Candida albicans. This binding protein is absent in glucose-grown cells, but the synthesis starts after addition of the inducer, i.e., GlcNAc, to the medium. The presence ofinducer is essential for the induced synthesis of this binding protein. Furthermore , results suggest that this binding protein has some properties, common to inducible pernease (high-affinity uptake system), specific for GlcNAc.
MATERUILS AND METHODS
Organism and growth conditions. Saccharomyces cerevisiae 211 (Val Ile) was a gift from Ilse
Muller, Institute fur Entwicklung-sphysiologie, Cologne, West Germany. The wild-type yeast strains, pathogenic C. albicans 3100, an obligatory aerobe, and S. cerevisiae 3059, a facultative aerobe, were obtained from National Chemical Laboratory, Pune, India. In each instance, cells were transferred from a slant (2 to 3 days old) into a medium containing 0.5% peptone, 0.3% KH2PO4, and 1% glucose. Cells were grown at 300C for about 15 to 17 h, harvested by centrifugation (1,000 x g, 5 min), and an inoculum was then transferred to a medium in which the glucose concentration was lowered to 0.5%. Cell growth was monitored turbidimetrically by reading the absorbance at 610 nm with a Bausch & Lomb Spectronic 20 spectrophotometer. The conditions for growth and induction were the same as described previously for Candida albicans (3).
Isolation and partial purification of GlcNAcbinding protein. The exponential-phase cells were harvested by centrifugation, washed twice with 0.2% KH2PO4 solution, and suspended in 0.2% KH2PO4 containing 14 mM GlcNAc. At the indicated times (see Fig. 1 ) C. albicans cells (1 g) were collected by centrifugation, washed free of sugar, and then suspended in 3 ml of 20 mM potassium phosphate buffer, pH 6.0. Cells were then ground for 5 min in a mortar and pestle with fine glass powder. After centrifugation at 14,000 x g for 30 min, the supematant was collected.
The pellet was resuspended in the buffer and re-extracted. Both the supernatant fractions were mixed (crude extract). Protamine sulfate (60 mg) was added to the crude extract (15 ml). After 15 min, the precipitate was discarded by centrifugation (15,000 x g, 10 min) and the supernatant fraction, which contained about 95% binding activity, was layered on a DEAEcellulose column (1.5 by 8 cm) which was equilibrated with 10 mM potassium phosphate buffer (pH 6.0). The column was washed with the same buffer until the on September 29, 2017 by guest http://jb.asm.org/ Downloaded from absorbance at 280 nm was zero. Binding protein was eluted by a linear gradient of NaCl (0 to 1.0 M) in 10 mM potassium phosphate buffer; 2-ml fractions were collected, and active fractions were pooled.
The binding protein of S. cerevisiae is not easily extractable and therefore, we adopted a different procedure, reported by Bhandari and Hayashibe (2), with some modification. The cells were suspended in 20 mM potassium phosphate buffer (pH 6.0) and ground with acid-washed sand in a mortar and pestle for 6 min at 0°C. The homogenate was centrifuged at 5,000 x g for 10 min. The supernatant was discarded, and the pellet was again extracted as above. After the centrifugation at 15,000 x g for 15 min, the pellet was collected and suspended in the same phosphate buffer. Tween 80 was added at a final concentration of 2% to the suspension, which was then incubated for 50 min at 30°C in a water bath shaker. After incubation, the suspension was centrifuged at 15,000 x g for 30 min. The supernatant contained the binding activity and was used for assay.
Binding assay. Binding of labeled GlcNAc was assayed by the method of Baxter and Tomkins (1) for measuring the binding of steroids to specific receptors. As with the steroids hemin and cyclic AMP (5) for determination of nonspecific binding. The sample backgrounds in the absence of protein for both the total and nonspecific bindings were also done simultaneously. In all the experiments, binding protein was added last. After incubation for 60 min at 4 to 6°C, 0.03 ml of activated charcoal (50 mg/ml) was added to each tube. The tubes were vigorously agitated on a Vortex mixer for lO s and centrifuged at 600 x g for 3 min. The radioactivity in a sample (0.1 ml) of the supernatant fluid was measured on a Packard TriCarb liquid scintillation spectrometer model 3380 with Bray scintillation fluid. The amount of GlcNAc specifically bound was obtained by subtracting the nonspecific from the total binding. Free GlcNAc concentrations were calculated by subtracting the radioactivity of the specifically bound GlcNAc from that of added GlcNAc.
Measurement of GlcNAc uptake. GlcNAc uptake was measured as described recently (17) . Yeast cells (1 x 106 to 2 x 106 cells per ml) were suspended in water and incubated for 5 min at 30°C.
[3H]GlcNAc
(1 ,tCi/ml) was then added to give a final concentration of 0.05 mM. In control experiments, GlcNAc uptake was also studied in various buffered ionic solutions instead of water with and without various energy sources. No significant differences were observed. A similar method has been successfully used to study the uptake of various amino acids in C. albicans (6, 18) . At various times, a 0.5-ml sample was taken out, diluted with 5 ml of water, and immediately filtered through disks of glass-fiber filter paper (GF/C, Whatman). The cells retained on filter paper were immediately washed with 10 to 15 ml of water and dried and placed in a 10-ml toluene-based liquid scintillation cocktail for determination of radioactivity. (14, 17) . As a first step to isolate this inducible high affinity uptake system (permease) we searched for a specific binding protein for GlcNAc. As shown in Fig. 1 , the binding protein, which was totally absent in glucose-grown cells, appeared after the addition of GlcNAc in the medium. The activity of binding protein in the crude extract at various times during induction was proportional to the uptake capacity of the cells. When the inducer (GlcNAc) was exhausted from the medium, the decay of both activities (uptake and binding) started.
We also looked for such a binding protein specific for GlcNAc in another type of yeast, i.e., S. cerevisiae. As did C. albicans, S. cerevisiae 3059 also grew equally well on a medium containing either glucose or GlcNAc as a carbon source. The utilization of GlcNAc as a carbon source is as effective as that of glucose. Like glucose, GlcNAc is taken up readily as the cells start to multiply after a 2-to 3-h lag. However, S. cerevisiae 211 was unable to utilize this amino sugar as the sole carbon source (Fig. 2) . As shown in Fig. 2 , in the presence of GlcNAc, binding protein was also induced in wild-type S. cerevisiae 3059, which was accompanied by induction of uptake; but in S. cerevisiae 211, a mutant which lacked the capacity to induce By using protamine sulfate precipitation and DEAE-cellulose chromatography, the binding protein was purified about 50-fold with approximately 60% yield. The binding protein so isolated was free from other GlcNAc catabolic enzymes, e.g., GlcNAc kinase, GlcNAc-2-epimerase, and glucosamine-6-phosphate deaminase ( The time course of association and dissociation at 4°C of the GlcNAc-binding protein complex was followed. The binding reaction reached equilibrium at 15 to 20 min, and a steady state was attained (Fig. 4) . The reaction is readily reversible, since addition of an excess nonradioactive GlcNAc to the complex rapidly displaced protein-bound radioactivity. The dissociation reaction also reached a steady state within 15 to 20 mm, revealing that this GlcNAc binding is an equilibrium reaction.
If the GlcNAc-binding protein is involved in transport of amino sugar, one may expect the specificity of the binding reaction to be the same as that of the uptake system. Fig. 5 shows the competitive effect of various sugars on GlcNAc uptake and on the GlcNAc-binding activity. When high concentrations (about 100 times more than that of [3H]GlcNAc) of various sugars were added along with the radioactive GlcNAc, only GlcNAc could reduce the binding (Fig. 5B) as well as uptake (Fig. 5A ). Other sugars, e.g., glucose and N-acetylmannosamine, were almost ineffective. This finding also supports the view that the binding protein could be involved in the uptake of GlcNAc.
The effect of sulfhydryl reagents, e.g., p-chloromercuribenzene sulfonic acid and N-ethylmaleimide, on the binding and uptake are summarized in Table 2 . The sulfhydryl reagents inhibited both the binding and uptake activities. This result does not prove, but gives further support to, our hypothesis that the binding protein is an inducible component involved in GlcNAc permease system. DISCUSSION The question of whether a binding protein is involved in permease uptake or not has been dealt with by several experiments. As shown in Fig. 1, addition The induction of both permease and binding protein requires continuous protein synthesis and is prevented completely if cycloheximide is added together with the inducer. At higher concentrations, ethidium bromide has been reported to inhibit cellular RNA synthesis in S. cerevisiae (19) . However, Saccharomyces yeasts are routinely grown in dextrose medium containing ethidium bromide to induce the petit mutation (11). Tsuyumu and Adams (20) bacterial systems, osmotic shock has been successfully employed for the solubilization of many kinds of binding proteins (10, 13) . In eucaryotic systems, osmotic shock was successful in some cases. However, in many cases solubilization of binding proteins required the aid of detergent or chaotropic agent (2, 12) . In the present study, it is difficult at this stage to compare in quantitative terms the functional activity (i.e., uptake) with the in vitro binding activity, since we do not know all the components involved in the process. Experiments with a reconstituted system with the purified components might yield some useful information. Further studies are in progress to purify the binding protein to homogeneity for use in reconstituting the uptake system in the spheroplasts and vesicles.
